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(57) Abstract 

A phase change optical medium compatible with a flying head can include a substrate, a reflective layer, a first dielectric layer, a 
phase change informadon carrying layer, a second dielectric layer and a lubricant layer. The structure and materials used both protect the 
phase change layer from mechanical damage due to impact and from information-altering heat generated by hnpact 
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PHASE CHANGE MEDIA COMPATIBLE WITH AIR BEARING FLYING HEAD 



Vmhn OF THE INVENTION 
The present invention relates generally to the field of optical recording media. More 
particularly, the invention relates to optical media in which information is carried in a layer of 
phase change material. 



KACKGROVND OF Tm INVENTTON 

10 There are now several different common types of optical media for storing information. 

The information stored on such media may include music signals, computer data, text, images, 
video and movies, etc. Among the common types of optical media are media based upon phase 
change (PC) materials. 

In the context of optical recording media, PC materials are materials which can be made 

15 to exist stably at room-temperature, and within a useful operating and storage range about room 
temperature, in at least two distinguishable forms. For example, some PC materials can be made 
to exist alternatively in a stable amorphous state and in a stable crystalline state. These stable 
states can be distinguished using optical recording and reading apparatus, for example on the 
basis of differing reflectivities. 

20 PC materials can be made to change state from one stable state to another stable state by 

heating them. Some such materials irreversibly change state when heated, while others change 
from one state to another when heated a first amoxmt and change back when heated a second, 
different, amoimt. The heat is usually applied by a laser light source, which can also be used, at 
a lower output power level to detect in which state the material was most recently left. Since 

25 heat is used to change the state of the material for the purpose of recording information therein, 
the layer is sensitive to extremes of heat, which can cause information to be altered or lost. 

In optical recording systems, such as disk drives, the recording medimn, i.e. disk, is made 
to spin at a high speed, e.g. 3,600 RPM, while an optical system directs a laser beam onto the PC 
layer for reading and writing information therein. Impact or contact with the surface of such a 

30 rapidly spinning disk can generate sufficient heat to cause alteration or loss of the information 
recorded in the vicinity of the impact or contact. Therefore, common PC media locate the layer 
of PC material beneath and protected by the substrate which provides substantial mechanical 



wo 98/47141 PCT/US98/07753 

-2- 

support for the media. Locating the PC material in a position so that the laser must pass through 
the substrate affects the optical system used to focus the laser. 

Disk drives for xise with common PC media employ an optical system which locates the 
closest element to the spinning disk at a substantial, mechanically fixed distance from the disk. 
The mechanism which holds the closest element at the proper mechanically fixed distance from 
the disk is known as a non-flying head, to distinguish it from a mechanism used in connection 
with many magnetic and magneto-optical media known as a flying head. 

A flying head maintains a substantially closer spacing from the spinning disk by using 
aerodynamic principals to "fly" over the surface of the disk. However, there is a substantial risk 
that a flying head will inadvertently contact the surface of the disk, causing information to be 
altered or lost. Moreover, a flying head compatible with focussing the laser through the 
substrate, called substrate incident operation, would not be capable of carrying a sufficiently 
large lens and also following perturbations of the disk surface called vertical runout. Hence, 
flying heads have not been used in connection with PC media. One system, disclosed by Ukita et 
al. in "Supersmall flying optical head for phase change recording media," Applied Optics, Vol. 
28, No. 20, October 15, 1989, employs a flying head which does not focus the laser through the 
substrate, called air incident operation. However, this head is made to fly at a height of a few 
micrometers, stated to be ten times greater than the flying height of a magnetic head. The 
medium used, however, is substantially unprotected from impacts by the head. 



SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an improved phase change medium 
compatible with a flying head. Other objects of the invention and features of embodiments 
thereof will be apparent to those skilled in this art upon reading this description. 

According to one embodiment of the invention, there is a recording medium including a 
phase change layer in which information is recorded and a protective layer including a lubricant 
layer dissipative of heat According to another embodiment, there is.a recording medium 
comprising: a substrate; a phase change layer in which information is recorded; and a heat 
dissipating lubricant layer. Finally, there is, according to yet another embodiment of the 
invention, a recording medium comprising: a phase change layer in which information is 
recorded; and a lubricant layer compatible with a flying head disposed on the phase change layer. 
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BRIEF DESCRIPTION OF THE DRAWING 

In the drawing, in which like reference designations indicate like elements: 
5 Fig. 1 is a schematic representation of the structure of an embodiment of a recording 

medium in accordance with various options and aspects of the invention; 

Fig. 2 is a schematic representation of another embodiment of a recording medium in 
accordance with various options and aspects of the invention; and 

Fig. 3 is a schematic representation of yet another embodiment of a recording medium in 
10 accordance with various options and aspects of the invention. 

DETAILED DESCRIPTION 
The present invention will be better understood upon reading the following detailed 
description of some embodiments thereof, in conjunction with the accompanying drawing. 

15 Referring now to Fig. 1, one embodiment is now briefly described. The mediimi is 

constructed on a substrate 101 of a mechanically sound material. The layers of the mediimi 
(including some optional layers discussed below)» in the order in which they are disposed on the 
substrate 101, include an optional base layer 102, an optional reflective layer 103, a first 
dielectric layer 105, a phase change layer 107 also ref^ed to as the information carrying layer 

20 107, a second dielectric layer 109 and a lubrication layer 111. The layers may be disposed on 
both sides of substrate 101, in mirror-image relationship to each other, to form a two-sided 
recording medium. The disk drive for use with this medium includes a laser light source having 
a wavelength (A) in air of 680nm. Lasers typically used with phase change media have 
wavelengths of 625mn <k< 685nm, although wavelengths outside this range could be used with 

25 properly designed media. The desired properties and physical characteristics of the layers is now 
discussed in greater detail. 

The information carrying layer 107 may be constructed of any one of a variety of known 
PC materials, such as the alloy of germaniimi, antimony and tellurium: Ge2iSb266'res3. The 
material chosen for the illustrative embodiment is rewritable, but write-once and read-only 

30 materials can also be used, as well as other rewritable materials. The materials chosen for the 
illustrative embodiment is an alloy of metals, but could also include such other elements or 
compounds as may be foimd to be usefiil in PC thin fihns. In this embodiment, the PC layer 107 
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is 20nm thick. 

The information carrying layer 107 is protected above and below by dielectric layers 105, 
109, which serve a number of useful purposes. The dielectric layers 105, 109 provide some 
mechanical protection for the information carrying layer 107, as well as efficiently dissipating 
heat. Heat is generated in the information carrying layer 107 when writing, i.e., intentionally 
altering the information recorded therein. However, heat generated at a location desired to be 
written can dissipate through the information carrying layer 107, altering adjacent locations, 
unless carried away efficiently, for example by the dielectric layers 105, 109. Good materials for 
dielectric layers 105, 109 include SiN, a mostly amorphous mixture of ZnS with Si02, a 
diamond-like coating, amorphous carbon or a thin film diamond layer. Some of these materials 
are amorphous solids, while others are single- or multi-crystalline solids. The amorphous 
materials exhibit excellent mechanical toughness, while the crystalline materials exhibit high 
thermal conductivity and high light transmissivity. Particularly useful material choices include 
amorphous SiN^ or the mixture of ZnS with SiOj, or single-crystal diamond or diamond like 
material. A compound dielectric layer 1 09 can be used, having a base of ZnS mixed with SiOj 
on which SiN^ or Si02 is disposed. 

Since the second dielectric layer 109 which is located above the information carrying 
layer 107 should be transparent, or nearly so, at the wavelength A.„ in the dielectric of operation 
of the laser used in the disk drive, the second dielectric layer 109 should preferably be about !4A„ 
in thickness. Thus, in the embodiment of Fig. 1, the second dielectric layer 109 is about 120mn 
thick. 

In contrast, the first dielectric layer 105, located below the information carrying layer 
107, serves primarily to support and protect the information carrying layer 107. Being below the 
information carrying layer 107, the first dielectric layer 105 need not be as thick. Thus, in the 
illustrative embodiment, the first dielectric layer 105 is about 50nm thick. Using a thickness 
which differs (either greater than or less than) significantiy from a thickness of about YaX^ serves 
another usefiil purpose because such a layer will tend to be highly reflective. With the right 
choice of materials and thicknesses for the first dielectric layer 105, the reflective layer 103 can 
be omitted, with the first dielectric layer 105 serving also as a reflective layer. 

Turning now to reflective layer 103, if it is used, this layer is preferably a metal layer, 
although it can also be a dielectric reflector. An SOnm thick fihn of a metal, such as aluminum, 
which adheres well to the substrate material is a good choice. 
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If the metal selected for the reflective layer 103 is one which does not adhere well to the 
substrate material, an additional optional base layer 102 can be used. The base layer 102 is 
selected to be compatible with both the metal reflective layer 103 (or the dielectric layer 105, if 
the reflective layer is omitted) and the substrate 101. For example, for a polycarbonate or 
ceramic substrate 101, chromiimi and silicon are good base layer materials, while silicon works 
well with glass substrates, as well. Aliuninum oxide, silicon dioxide and a mixture of ZnS with 
SiOz also make good base layers. The base layer aids in adhesion of the structure to the substrate 
101 while also improving the capacity of the structure to effectively dissipate unwanted heat. 

The top layer of the embodiment of Fig. 1 is a lubrication layer 111. The lubrication 
layer 111 should preferably be of a material that has an ability to locally dissipate high energy, 
such as generated by an impact of a flying head with the medium surface. One material known 
to possess such a property is cyclic phosphazene (Dow Chemical), which is applied in a 
monomolecular or nearly monomolecular layer of about 5-20A, so as to be optically negligible in 
thickness. Other useful lubricants include phosphazene groups, diamond, diamond-like carbon 
and amorphous carbon. The lubricant, in combination with the suggested dielectric materials 
provides a medium sxirface with a low coefficient of friction (reducing the energy of impact 
which must be dissipated), a high thermal conductivity (so as to dissipate heat efficiently, 
including the heat of impact with the mediimi surface) and of a proper optical thickness so that a 
flying head and conventional laser sources can be used. 

The substrate 101 can be polycarbonate, other hydrocarbon polymers including opaque 
formulations, glass, metal or ceramic. There is no requirement that the substrate be transparent, 
as in substrate incident media, because as an air incident mediimi, the medium of this 
embodiment does not require the laser to pass through the substrate. 

Each layer of the illustrative embodiment is applied to the structure assembled on the 
substrate 101 by one of the known techniques for applying a thin film of the particular material. 
Such techniques may include, but are not limited to sputtering, vapor deposition, plating and spin 
coating. 

As shown in Fig. 2, another embodiment adds to the structure of Fig. 1 an overcoat 201, 
disposed between the dielectric layer 109 and the lubricant 111. As described above, the 
dielectric layer 109 can be a compound layer of SiN^ or SiOa on a base of a mixture of ZnS and 
SiOj. The lubricant can be any of the liquid or solid lubricants mentioned above, including 
chromium, silicon, aluminum oxide, silicon dioxide and a mixture of ZnS with SiOz- The 
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overcoat 201 is preferably a hard, durable, thin layer of one of the solid dielectric or lubricant 
materials including SiN^, Si02, diamond-like carbon, diamond or amorphous carbon. 

As shown in Fig. 3, when an overcoat 201 is supplied which in combination with the rest 
of the structure provides suitable protection and heat dissipation characteristics for the 

5 information carrying layer 1 07, the lubricant layer 111 may be omitted. 

An advantageous arrangement of any of the foregoing embodiments is one in which the 
thicknesses of the layers on the information carrying layer, i.e., those through which the laser 
travels, combine to give an optical path length equivalent to X/4 in free space. That is, the sum 
of the thicknesses expressed in units of for each material is A„/4. 

10 Also advantageous is the construction of two-sided media employing the principles of the 

present invention, as briefly mentioned, above. One substrate 101 may be coated on both sides 
using conventional techniques. Two thinner substrates 101 may be each coated on one side and 
the two substrates 101 then bonded together to form a single medium. Alternatively, two very 
thin substrates 101 may each be coated on one side and then bonded to a thick, central substrate 

15 (not shown) of any useful material, which need not be compatible with the process for forming 
the layers or transparent. Finally, one coated substrate 101 as described above can be bonded to 
a standard DVD-ROM, rewritable DVD or CD-ROM, providing a greater variety of interchange 
options. 

Having now described a few embodiments of the invention, it should be apparent to those 
20 skilled in the part that the foregoing is merely illustrative and not limiting, having been presented 
by way of example only. Nximerous modifications and other embodiments are within the scope 
of one of ordinary skill in the art and are contemplated as falling within the scope of the 
invention as defined by the appended claims and equivalents thereto. 
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1 . A recording medium including a phase change layer in which information is recorded and 
a protective layer including a lubricant layer dissipative of heat 

2. The recording medium of claim 1 in which the phase change layer is rewritable. 

3. The recording medium of claim 1 in which the phase change layer is an alloy of GeSbTe. 

4. The recording medium of claim 3 in which the alloy is GeaiSbjssTesj. 

5. The recording medium of claim 1, wherein the protective layer includes a layer of 
dielectric material. 

6. The recording medium of claim 5, for use with a laser light source having a wavelength 
in the protective layer of A,„, wherein the protective layer has a thickness of Va A,„. 

7. The recording medium of claim 5, wherein the protective layer is made of at least one of 
the group of SiNx, ZnS and SiN^ on a base of one of ZnS and a mixture of ZnS and Si02. 

8. The recording medium of claim 1, wherein the protective layer includes a layer of a 
single crystal material. 

9. The recording medium of claim 1, wherein the protective layer includes a layer of a 
diamond structured carbon. 

10. The recording material of claim 1 , wherein the protective layer includes a layer having a 
diamond-like structure. 

1 1 . The recording mediiun of claim 1 , wherein the lubricant layer is made of a material that 
dissipates heat generated by an impact therewith. 
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12. The recording medium of claim 1 1, wherein the lubricant layer is a monomolecular layer. 

13. The recording medium of claim 12, wherein the lubricant layer is cyclic phosphazene. 

5 14. The recording medium of claim 1, further comprising a reflective layer, wherein the 

phase change layer is disposed on the reflective layer. 

15. The recording medium of claim 14, wherein the reflective layer is made of a metal. 

10 16. The recording medium of claim IS, wherein the metal is aluminum. 

17. The recording medium of claim 14, wherein the reflective layer is made of a dielectric 



15 18. The recording medium of claim 17, for use with a laser light source having a wavelength 
in the dielectric reflective layer of X„, wherein the dielectric reflective layer has a thickness 



greater than ViXn- 

19. The recording medium of claim 17, for use with a laser light source having a wavelength 
20 in the dielectric reflective layer of A.„, wherein the dielectric reflective layer has a thickness less 



20. The recording medium of claim 1 7, wherein the dielectric reflective layer is made from at 
least one of the group of SiN^, ZnS and SiN^ on a base of one of ZnS and a mixture of ZnS and 

25 SiOj. 

21 . The recording medium of claim 1, wherein the phase change layer and protective layer 
are disposed on a substrate made fix>m one of the group of a polycarbonate, a hydrocarbon 
polymer, a glass, a metal and a ceramic. 



material. 




than l^A„. 



30 



22. The recording mediiun of claim 21 , further comprising a base layer disposed between the 
substrate and the phase change layer. 
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23. The recording medium of claim 22, wherein the base layer is chromium. 

24. The recording medium of claim 22, wherein the base layer is silicon. 
5 25. The recording medium of claim 22, wherein the base layer is aluminum oxide. 

26. The recording medium of claim 22, wherein the base layer is Si02. 

27. The recording medium of claim 22, wherein the base layer is a mixture of ZnS and Si02. 

10 

28. A recording medium comprising: 
a substrate; 

a phase change layer in which information is recorded; and 
a heat dissipating lubricant layer. 

15 

29. The recording medium of claim 28 in which the phase change layer is rewritable. 

30. The recording medium of claim 28 in which the phase change layer is an alloy of 
GeSbTe. 

20 

3 1 . The recording mediimi of claim 30 in which the alloy is Ge2|Sb266Te53. 

32. The recording medium of claim 28, further comprising a heat dissipative layer of a 
dielectric material. 

25 

33. The recording medium of claim 32, for use with a laser light source having a wavelength 
in the heat dissipative layer of A„, wherein the heat dissipative layer has a thickness of V4 A„. 

34. The recording medium of claim 32, wherein the heat dissipative layer is made of at least 
30 one of the group of SiN^, ZnS and SiN^ on a base of one of ZnS and a mixture of ZnS and Si02. 

^~^] 35. The recording medium of claim 28, wherein the heat dissipative layer includes a layer of 
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a single crystal material. 



36. The recording mediiim of claim 28, wherein the heat dissipative layer includes a layer of 
a diamond structured carbon. 

5 

37. The recording material of claim 28, wherein the heat dissipative layer includes a layer of 
a diamond-like structure. 

38. The recording medium of claim 28, wherein the lubricant layer is made of a material that 
1 0 dissipates heat generated by an impact therewith. 

39. The recording medium of claun 38, wherein the lubricant layer is a monomolecular layer. 

40. The recording medium of claim 39, wherein the lubricant layer is cyclic phosphazene. 

41 . The recording medium of claim 28, further comprising a reflective layer, wherein the 
phase change layer is disposed on the reflective layer. 

42. The recording medium of claim 41 , wherein the reflective layer is made of a metal. 
20 

43 . The recording medium of claim 42, wherein the metal is aluminum. 

44. The recording medium of claim 41 , wherein the reflective layer is made of a dielectric 
material. 

25 

45. The recording medium of claim 44, for use with a laser light source having a wavelength 
in the dielectric reflective layer of A„, wherein the dielectric reflective layer has a thickness 
greater than 14 A^n, 




30 . 46. The recording mediiun of claim 44, for use with a laser light source having a wavelength 
in the dielectric reflective layer of A„, wherein the dielectric reflective layer has a thickness less 
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47. The recording medium of claim 44, wherein the dielectric reflective layer is made from at 
least one of the group of SiN^, ZnS and SiN^ on a base of one of ZnS and a mixture of ZnS and 
SiOj. 

5 

48. The recording medium of claim 28, wherein the substrate is made of one of the group of a 
polycarbonate, a hydrocarbon polymer, a glass, a metal and a ceramic. 

49. The recording medium of claim 48, further comprising a base layer disposed between the 
10 substrate and the phase change layer. 

50. The recording medium of claim 49, wherein the base layer is chromium. 

51 . The recording mediiun of claim 49, wherein the base layer is silicon. 

15 

52. The recording medium of claim 49, wherein the base layer is aluminum oxide. 

53. The recording medium of claim 49, wherein the base layer is Si02. 

20 54. The recording medium of claim 49, wherein the base layer is a mixture of ZnS and Si02. 

55. A recording medium comprising: 

a phase change layer in which information is recorded; and 

a lubricant layer compatible with a flying head disposed on the phase change layer. 

25 

56. The recording medium of claim 55 in which the phase change layer is rewritable. 

57. The recording mediimi of claim 55 in which the phase change layer is an alloy of 
GeSbTe. 

30 

58. The recording mediimi of claim 57 in which the alloy is Ge2|Sb266Te53. 
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59. The recording medium of claim 55, further comprising a protective layer disposed 
between the phase change layer and the lubricant layer, the protective layer including a dielectric 
material. 



5 60. The recording medium of claim 59, for use with a laser light source having a wavelength 
in the protective layer of X„, wherein the protective layer has a thickness of Vi A„. 

61 . The recording medium of claim 59, wherein the protective layer is made of at least one of 
the group of SiN^, ZnS and SiN^ on a base of one of ZnS and a mixture of ZnS and SiO^. 

10 

62. The recording medium of claim 55, wherein the protective layer includes a layer of a 
single crystal material. 

63. The recording medium of claim 55, wherein the protective layer includes a layer of 
diamond structured carbon. 

64. The recording material of claim 55, wherein the protective layer includes a layer of a 
diamond-like structure. 

20 65. The recording medium of claim 55, wherein the lubricant layer is made of a material that 
dissipates heat generated by an impact therewith. 




66. The recording medium of claim 65, wherein the lubricant layer is a monomolecular layer. 

25 67. The recording medium of claim 66, wherein the lubricant layer is cyclic phosphazene. 

68. The recording medium of claim 55, further comprising a reflective layer, wherein the 
phase change layer is disposed on the reflective layer. 

30 69. The recording medium of claim 68, wherein the reflective layer is made of a metal. 




70. The recording medium of claim 69, wherein the metal is aluminum. 
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71. The recording medium of claim 68, wherein the reflective layer is made of a dielectric 
material. 

72. The recording medixmi of claim 7 1, for use with a laser light source having a wavelength 
5 in the dielectric reflective layer of wherein the dielectric reflective layer has a thickness 

greater than Va A.„. 

73. The recording medium of claim 71, for use with a laser light source having a wavelength 
in the dielectric reflective layer of A,„, wherein the dielectric reflective layer has a thickness less 

10 than*/4A„. 

74. The recording medium of claim 71, wherein the dielectric reflective layer is made from at 
least one of the group of Siti„ ZnS and SiN^ on a base of one of ZnS and a mixture of ZnS and 
SiOj. 

15 

75. The recording medium of claim 55, wherein the phase change layer and protective layer 
are disposed on a substrate made from one of the group of a polycarbonate, a hydrocarbon 
polymer, a glass, a metal and a ceramic. 

20 76. The recording medium of claim 75, further comprising a base layer disposed between the 
substrate and the phase change layer. 

77. The recording medium of claim 76, wherein the base layer is chromium. 

25 78. The recording medium of claim 76, wherein the base layer is silicon. 

79. The recording medium of claim 76, wherein the base layer is aluminum oxide. 

80. The recording medium of claim 76, wherein the base layer is Si02. 

30 

81. The recording medium of claim 76, wherein the base layer is a mixture of ZnS and SiOa- 
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82. A recording medium comprising in a layered structure in the order recited: 
a substrate; 
a first dielectric layer; 

a phase change layer in which information is stored; 
5 a second dielectric layer; and 

an overcoat of a protective material. 



83. A recording medium comprising in a layered structure in the order recited: 
a substrate; 
10 a first dielectric layer; 

a phase change layer in which information is stored; 
a second dielectric layer, and 
a lubricant layer. 

15 84. A recording medium comprising in a layered structure in the order recited: 
a substmte; 
a first dielectric layer; 

a phase change layer in which information is stored; 
a second dielectric layer; 
20 a lubricant layer; and 

an overcoat of a protective material. 



85. A recording mediiun used with a laser light source, the medium comprising in a layered 
structure in the order recited: 
25 a substrate; 

a phase change layer in which information is stored; and 

a protective layer, whereiri the laser light source has a wavelength in the protective layer 
of An and the protective layer has a thickness of ^ V4An. 

30 86. A two-sided recording medium, comprising on a first side of a substrate, in a layered 
structure in the order recited: 

a phase change layer in which information is stored; and 
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10 



a protective layer, wherein the laser light source has a wavelength in the protective layer 
of X,a and the protective layer has a thickness of ^ ViA.„. 

87. The medium of claim 86, further comprising on a second side of the substrate, in a 
layered structure in the order recited: 

a phase change layer in which information is stored; and 

a protective layer, wherein the laser light source has a wavelength in the protective layer 
of Xn and the protective layer has a thickness of rs V4A„. 

88. The mediiim of claim 86, further comprising a DVD bonded to a second side of the 
substrate. 

89. The mediimi of claim 86, further comprising a CD bonded to a second side of the 
substrate. 
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